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Characterization: Prospects for 
Clinical Cardiology* 
ations of these properties associated with myocardial infarc- 
tion and cardiomyopathy (edema, fibrosis and calcification) 
have been delineated sensitively with quantitative backscat- 
ter in studies of experimental animals and human subjects 
(19). 
Until recently, ultrasonic tissue characterization has been 
explored primarily in laboratory studies of ischemia, infarc- 
tion and cardiomyopathy. However, with the development 
of a prototype real-time backscatter imaging system by 
modification of a commercially available two-dimensional 
echocardiographic imager (18), broader clinical investigation 
became feasible. This important step in the maturation of 
backscatter imaging follows more than 10 years of extensive 
laboratory research (2-16). 
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The hypothesis that ultrasonic interrogation of myocardial 
tissue can yield information characterizing intrinsic struc- 
tural properties with specific histopathologic correlates in 
the heart was explored as long as 30 years ago when Wild et 
al. (1) applied ultrasonic tissue characterization in vitro to 
excised human hearts harboring infarcts. Recent reports 
(2-16) from our laboratory and others have demonstrated the 
applicability of this approach in vivo, first in experimental 
animals (2-12) and subsequently in human subjects (13-16). 
The potential value of the approach and its complementarity 
to conventional two-dimensional and Doppler imaging are 
underscored by the impressive results by Masuyama et al. 
(17) reported in this issue of the Journal. These workers have 
used a prototype of a commercial instrument developed 
initially through a collaboration between the Hewlett- 
Packard Company and Washington University in St. Louis 
(18). 
Objectives of backscatter imaging: Ultrasonic characteri- 
zation of myocardium with integrated backscatter is de- 
signed to provide a robust measurement of the structural and 
functional properties of heart muscle by directly quantifying 
tissue acoustic properties through analysis of unprocessed 
radiofrequency data (19). The approach complements and is 
distinct from analysis of wall motion and chamber dimen- 
sions. The magnitude of ultrasonic backscatter from cardiac 
tissue depends on fundamental physical properties such as 
local elasticity, density and fiber geometry (shape, size, 
concentration and orientation of scattering elements). Alter- 
The prototype backscatter imaging system used by 
Masuyama et al. (17) of Stanford and previously by others 
(14-16,20) permits measurement of the cardiac cycle- 
dependent variation of integrated backscatter. However, 
such information is but a subset of the total information 
potentially obtainable by tissue characterization (19). Cyclic 
variation of backscatter was reported initially by Madaras et 
al. (21) in studies of open chest dogs interrogated with a 
broadband insonifying transducer placed in direct contact 
with the beating heart. Spectral analysis of the radiofre- 
quency data at selected intervals throughout the cardiac 
cycle indicated that over the range of frequencies measured, 
the average amplitude of ultrasound backscattered from the 
tissue was greater at end-diastole than at end-systole in 
hearts with normal contractile function. The observation 
that cyclic alterations in the physical properties of heart 
muscle were apparent by measurement of changes in tissue 
acoustic properties that resulted from contraction and relax- 
ation of myofibrils suggested that tissue characterization 
might provide a useful dynamic index of regional and intra- 
mural contractile properties. 
Results <$ subsequent studies in experimental animals 
have supported the hypothesis that cyclic variation is a 
useful measure ofregional contractile properties. The mag- 
nitude and rate of change of backscatter parallel alterations 
of ventricular contractile performance induced by propran- 
0101 (decreased) and paired pacing (increased) and reflected 
by changes in maximal rate of rise of left ventricular pressure 
(dP/dt,,,) (22,23). Furthermore, subendocardial regions 
manifest greater amplitudes and rates of change of cyclic 
variation than do subepicardial regions in accordance with 
the recognized greater contribution of subendocardial zones 
to overall wall thickening. A recent report (24) indicates that 
cyclic variation decreases substantially immediately after 
the onset of ischemia in dogs but recovers more rapidly than 
regional wall thickening after reperfusion in reversibly in- 
jured or “stunned” myocardium. Similar findings have been 
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reported in studies of patients with stunned myocardium 
after recanalization of coronary arteries induced with recom- 
binant tissue-type plasminogen activator (t-t-PA) (16). Re- 
covery of cyclic variation of backscatter appears to precede 
recovery of regional wall thickening in myocardium supplied 
by a transiently occluded artery (16). Accordingly, tissue 
characterization may be particularly useful in the longitudi- 
nal assessment of recovery of contractile function after 
recanalization induced by thrombolysis, angioplasty or other 
interventions. 
The impact of findings by Masuyama et al. (17): These 
authors report their experience with integrated backscatter 
imaging in patients with normal cardiac structure and func- 
tion adjudged on the basis of clinical criteria. Their report is 
particularly interesting because it confirms that backscatter 
imaging can be accomplished with reasonable accuracy in a 
diverse group of subjects of diverse age. Inter- and intraob- 
server variability approximates that reported previously by 
Vered et al. (14,15) in studies of normal volunteers. Thus, 
results of clinical investigation with ultrasonic tissue char- 
acterization are likely to be reproducible and consistent 
among different groups of investigators who use comparable 
imaging protocols. 
The observation by Masuyama et al. (17) that cyclic 
variation declines with advancing age is intriguing. It may 
seem surprising at first blush because cyclic variation de- 
pends in part on contractile performance, which is generally 
thought to be well preserved in the absence of disease 
despite advanced age. However, the hearts of elderly sub- 
jects may harbor degenerative changes manifested by or 
associated with hypertrophy, diastolic dysfunction and 
“senile amyloidosis,” which may exert subtle influences on 
systolic contractile performance. Myocardial tissue stiffens 
with age because of accumulation of collagen (25). In addi- 
tion, the absolute magnitude of backscatter is determined in 
part by the collagen content of tissues (4,5,26). Thus, tissue 
characterization may evolve as a powerful tool for detecting 
and quantifying structural changes such as collagen depo- 
sition accompanying aging, some of which may be respon- 
sible for currently only poorly understood functional abnor- 
malities. 
Masuyama et al. (17) observed a pattern of regional 
differences in cyclic variation of backscatter characterized 
by significantly greater cyclic variation in the posterior wall 
as compared with that in the septum, consistent with results 
of other reports (14,15,20). Similar regional differences in the 
magnitude of cyclic variation have been observed from apex 
to base and intramurally (12,22,27). Such differences appear 
to parallel regional differences in contractile performance. 
However, it is not possible to exclude some dependence of 
the magnitude of cyclic variation observed on the echocar- 
diographic view chosen for imaging (20). The magnitude of 
both ultrasonic backscatter and attenuation is known to 
depend in part on the angle of insonification of aligned 
scatterers such as heart fibers that can intluence the magni- 
tude of cyclic variation and may require normalization 
according to the predominant fiber angle expected with a 
given view (28-30). View-dependent attenuation of ultra- 
sound as it propagates through the chest may be important as 
well (31,32). 
Masuyama et al. (17) report that the “delay” associated 
with cyclic variation is relatively constant throughout the 
different myocardial regions characterized and in the dif- 
ferent age groups studied. The value for delay (originally 
called “phase” in references 11 and 33) represents the 
temporal extent of synchrony of regional and global contrac- 
tile events (its use as a parameter of regional contractile 
synchrony is similar conceptually to the use of parameters in 
two-dimensional phase images acquired from radionuclide 
ventriculograms subjected to Fourier analysis). Recent re- 
sults (24) indicate that prolonged delay of cyclic variation is 
a marker of acute ischemic injury. However, the recovery of 
delay is typically more rapid than recovery of wall thicken- 
ing with reperfusion after transient coronary occlusion. 
Thus, it may provide an early index of viability of stunned 
myocardium before recovery of mechanical function. The 
report by Masuyama et al. (17) demonstrates that the value 
calculated for delay may be relatively insensitive to the 
particular myocardial region selected for study and may 
therefore provide a robust measurement of regional contrac- 
tile properties relatively independent of echocardiographic 
view. 
Masuyama et al. (17) emphasize the present lack of a 
standard approach for analysis of cyclic variation. Various 
methods have been used to determine the peak to peak 
magnitude and the delay of cyclic variation, including Fou- 
rier analysis of the fundamental harmonic and manual meth- 
ods that locate peaks and nadirs of the backscatter curve 
with respect to electrocardiographic fiducial points. Stan- 
dardization of analytic methods is critical for acquisition of 
results that can be compared directly among different groups 
of investigators. Recently, our group (33,34) described one 
promising method for determination of the magnitude and 
cyclic variation that uses a cross-correlation algorithm to fit 
a model function to the observed data. 
Implications. Results of the meticulous study by Masu- 
yama et al. (17) underscore the potential clinical utility of 
ultrasonic tissue characterization of the heart. Judging from 
the extensive information acquired in many laboratories 
over the past decade, several clinical conundrums may be 
resolvable with the help of backscatter imaging implemented 
to characterize fundamental physical properties of the heart 
such as microscopic variation in elasticity and density, and 
three-dimensional microstructural organization. Widespread 
clinical utilization of this promising approach will undoubt- 
edly stimulate refinement and provide the experience neces- 
sary to maximize its diagnostic and prognostic power. 
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